Summary. Sow It is suggested that a special subovarian exchanging mechanism exists in the ovarian pedicle for countercurrent transfer of ovarian steroid hormones and that ovarian function can thereby be regulated.
Introduction
The countercurrent transfer of testosterone from the spermatic vein to the artery has been demonstrated in rats (Free, Jaffe, Jain & Gomes, 1973; Free & Jaffe, 1975 , 1978 , rams (Ginther, Mapletoft, Zimmermann, Meckley & Nuti, 1974) , monkeys (Dirschke, Walsh, Mapletoft, Robinson & Ginther, 1975) , man (Bayard, Boulard, Hue & Pantonnier, 1975) , bulls (Amann & Ganjam, 1976) and rabbits and guinea-pigs (Free, 1977) . Barrett et al (1971) , Goding, Baird, Cumming & McCracken (1972) and McCracken et al (1972) showed how prostaglandin F-2a was transferred from the uterine vein of the ewe to the associated ovarian artery and thence to the ovary. The luteolytic effect of prostaglandin when infused into the anterior uterine vein of the ewe or sow has been confirmed by several workers (Gleeson, 1974; Goding, 1974; Land, Baird & Scaramuzzi, 1976; Lindloff, Holtz, Elsaesser, (1979) . Oestradiol-17ß and testosterone have been shown to pass from the ovarian vein into the ovarian artery in cows (Krzymowski et al, 1982a; Kotwica, Williams & Marchello, 1981a) . In the pig testosterone, progesterone and oestradiol are transferred from the uterine vein into the ovarian artery in the ovarian pedicle (Krzymowski, Kotwica & Stefanczyk, 1979 Kotwica et al, 1981b;  Krzymowski, Kotwica, Stefanczyk, Dçbek & Czarnocki, 1981b , 1982b ; We have now attempted to explain the mechanism of these processes.
Materials and Methods
The pigs were of the Polish Large White breed and weighed 120-150 kg. Oestrus was observed 6-7 days after weaning and was designated Day 0. On various days throughout the oestrous cycle laparotomies were performed and ovaries with their associated ovarian pedicle were isolated by the technique of Krzymowski et al (1981a) , modified as described by Krzymowski et al (1981b by Krzymowski et al ( , 1982b In 5 experiments the ovary and its pedicle were isolated and supplied with arterial blood. Cannulae for ovarian venous blood collection or for steroid hormone infusion were implanted into the utero-ovarian vein as previously described (Krzymowski et al, 1982b In 5 experiments the ovaries were isolated and supplied with arterial blood. The ovarian artery branches were exposed by means of the electrocoagulator 3 cm below the ovary. At 3 cm below the ovary and 3 cm lateral from the ovarian vein and convoluted ovarian artery branches, an injection needle was inserted into the musculature of the uterine broad ligament. Through this needle [3H]testosterone (~5 IO7 c.p.m. corresponding to 166 ng), purified before experiment and dissolved in 1-5 ml saline, was infused for 30 min at a rate of 0-05 ml/min. During and 30 min after the infusion, blood samples from the incised ovarian artery branch were collected as described previously (Krzymowski et al, 1982b) .
Results

Anatomy of the ovarian pedicle vasculature
There were several ovarian artery branches on the dorsal side of the ovarian vein or next to it which formed a multilayered convolution resembling in arrangement the small intestine in the abdominal cavity (PI. 1, Fig. 1 (Krzymowski et al, 1979 (Krzymowski et al, , 1981a (Krzymowski et al, , 1982b and present experiments high radioactivity was demonstrated in ovarian arterial blood as late as 30 min after the end of steroid hormone infusion into the ovarian vein. The demonstration that testosterone infused into the ovarian vein penetrates not only to the ovarian artery blood but also into the surrounding smooth muscles and connective tissues and that labelled hormone infused into the muscles of the ovarian pedicle diffuses into the blood of the ovarian artery suggests that the radioactivity present in the blood of the ovarian artery may be the result of the direct penetration of steroid hormone through the apposed walls of the ovarian artery and ovarian vein or its indirect passage via the interstitial fluid and the system of fine venous vessels enmeshing the microvascular branches of the ovarian artery. Direct permeation is supported by histological observations of the local thinning of the walls of veins and arteries at the site of their immediate contact (Del Campo & Ginther, 1974; Lee & O'Shea, 1975) .
The existence of a venous network covering the spiralling ovarian artery branches may be of particular importance in the mechanism of permeation of steroid hormones into the blood of the ovarian artery. It consists of fine venous vessels which originate from venous vessels descended from the muscle layer and connective tissue of the ovarian pedicle. The minute veins of the mesh join together to form larger vessels adhering to the arterioles which flow into the ovarian vein (Text- fig. 1 ).
The androgen concentrations in the ovarian artery were significantly higher than those in the uterine blood supplying the ovarian artery and in the ovarian vein (Kotwica et al, 1981b) . However, the high steroid values in the lymph and tissue fluid collected from the pedicle close to the ovary (Kotwica et al, 1981b) suggest that ovarian steroid hormones from the tissue fluid and lymph may be the main source for the increased concentrations in the ovarian artery. This view is supported by the results of Lindner, Sass & Morris (1964) who found far greater concentrations of oestrogen and progesterone in the ovarian lymph than in the systemic circulation of the ewe. Significantly higher values of all steroid hormones in lymph taken at the ovary base than in blood flowing out or reaching the ovary (Kotwica et al, 1981b) confirmed that the ovary releases a great amount of steroid hormones particularly to the intercellular fluid. The mechanism of this process has been explained by many experiments. Short (1962 Short ( , 1964 PLATE 2
Figs 5 and 7. The loops of an ovarian artery after a 3-min infusion of physiological saline instead of blood into the ovarian artery. There is no blood in the venous mesh covering the arterial network.
Figs 6 and 8. The same loops of the ovarian artery shown in Figs 5 and 7. After ligation and removal of the ovary, arterial blood flow was reconnected to the ovarian artery. The blood-filled fine venous mesh on the ovarian artery branches has become visible. Fig. 9 . The ovarian artery shown in Fig. 7 . After ligation and removal of the ovary, arterial blood flow was reconnected to the ovarian vein. There is no blood in the ovarian artery but the fine venous mesh on the ovarian artery branch is filled.
Text- fig. 1 (1977) demonstrated that secretion of oestradiol was depressed during the infusion of antibodies to testosterone and suggested that androgens synthesized by the theca interna leave the cell and traverse the extracellular space and basement membrane before being converted to oestrogen by the avascular granulosa cells. Tissue fluid from the ovary is drained by a net of fine lymphatic vessels which, in the sow, run close to the vein and the ovarian artery and also make a fine net draining the whole ovarian pedicle.
Our present results show that the tissues of ovarian pedicle are supplied with arterial blood by branches of the ovarian artery and 36-3% of this blood passes to the muscles and connective tissue of the ovarian pedicle. We also show that introduction of labelled testosterone into the ovarian pedicle muscles led to its appearance in the ovarian artery.
All the foregoing information indicates that within the ovarian pedicle there may be two pathways of steroid hormone penetration: (1) a direct pathway from the ovarian vein to the arterial blood supported by anatomical observations of connections (Del Campo & Ginther, 1974; Lee & O'Shea, 1975); and (2) Ford, Weber & Stormshak (1976) demonstrated that a uterine artery adjacent to an ovary bearing the corpus luteum in heifers responds to in-vitro periarterial nerve stimulation with greater increases in constriction than the contralateral uterine artery. Kalsner (1969) (1976, 1977a, b) , Krall, Tuck & Korenman (1977) and Ford, Chenault & Echternkamp (1979) have demonstrated the role of progesterone and oestrogen in uterine vasoconstriction and described the mechanism of this regulation. Lee & Novy (1978) and Varga & Greenwald (1979) (Pharriss, Cornette & Gutknecht, 1970; Nett, McClellan & Niswender, 1976; Wehrenberg, Dierschke & Wolf, 1979) .
The ability of the ovarian artery to absorb ovarian steroid hormones may be considered as a local means of regulation of the function of the ovary. Leung, Goff, Kennedy & Armstrong (1978) , Leung, Henderson & Armstrong (1979) and Leung & Armstrong (1979a, b) showed that excess oestrogen production in the membrana granulosa cells may inhibit formation of androgens. Moreover, Caffrey, Nett, Abel & Niswender (1979) demonstrated that the 3ß-hydroxy-A5-steroid dehydrogenase-A5-A4-isomerase complex involved the conversion of pregnenolone to progesterone and was inhibited by feedback of its own product, that is progesterone. Thus, if the steroid hormone levels can locally regulate the formation of their precursors (progesterone and testosterone) and in this way limit the final production of these hormones, then the ability to reabsorb steroid hormones in the ovarian pedicle demonstrated in this study must also affect ovarian secretion and is an essential regulatory mechanism.
The fact that the mechanism of subovarian reabsorption of steroid hormones is not a simple diffusion through the walls of the ovarian vein and artery, but is associated with an anatomical modification and adaptation of the whole circulatory system in the ovarian pedicle, is evidence of the significant and special role of this mechanism in regulatory processes.
Based on our results and those of other authors we suggest that there may be the following control processes:
(1) Local regulation (a) regulation of hormonal secretion at the cellular level based on negative feedback between the secretory ovarian cells (the shortest regulatory loop); (b) regulation by organs via a subovarian exchange mechanism of reabsorption and secondary utilization of hormones produced in the ovary, based on the regulatory interactions of the ovary and the uterus (short regulatory loop); (2) Central regulation (a) hormonal regulation through the hypothalamus and hypophysis based on negative feedback (long regulatory loop).
(b) regulation through the cortical centres and the limbic system and further via the nervous pathways which reach indirectly to the reproductive organs and their vascularization (longest regulatory loop).
Many of the papers cited above indicate that a subovarian regulatory system may be universal, occurring with particular modifications in the various species, and such a system is probably analogous to that in the pampiniform plexus of males.
